Although many studies indicate a relation between global warming and variation in spatial and temporal butterfly distribution, detailed studies are lacking on the importance of local climatic factors on butterfly community composition. We studied the relation between climatic factors and seasonality on butterfly community composition in a Mediterranean climate-type region. The butterfly diversity measures were mainly affected by maximum daily radiation, minimum daily relative humidity, and temperature variables. We suggest extending butterfly monitoring at Long Term Ecological Research stations in Israel, which will allow separating the effect of climatic changes and/or change in local factors on butterfly community composition.
of climatic conditions and their relative importance on butterfly community composition and dynamics. For instance, in a tropical climate in southern Thailand no significant correlation was found between butterfly abundance, species richness and relative humidity, temperature, and precipitation (Boonvanno et al., 2000) . In the temperate climate of England, on the other hand, there was a relation between temperature/precipitation and population size fluctuations in 28 butterfly species . In a Mediterranean climate in Spain, Stefanescu et al. (2004) found butterfly species richness to be negatively correlated to temperature and positively correlated only to precipitation, except in conditions of extreme cold and rain. They did not examine, however, the effect of radiation and relative humidity.
In this study, butterfly species were monitored alongside a range of climate factors in an eastern Mediterranean habitat throughout the year to answer the following questions:
1. What is the role of climatic factors in shaping butterfly community composition and dynamics? 2. Which climatic factors have the greatest effect on butterfly community composition?
This research can aid conservation by strengthening the understanding of the impact of climatic conditions on butterfly community dynamics. In addition, since this is the first systematic monitoring study in Israel, it can serve as a model for more extensive long term research projects that should take place on a range of sites in the country, supporting butterfly conservation. This is similar to the approach of Kühn et al. (2008) in Germany.
METHOdS

BUTTERFlY MONITORINg
We monitored butterflies throughout the year for three consecutive years on weekly (2003) and biweekly (2004-2005) walks in Ramat Hanadiv Park, which is located at the southern tip of Mount Carmel in central Israel, about 5 km from the Mediterranean Sea. We recorded the number of individuals of each butterfly species while walking at a uniform pace along 48 transects of 50 m, according to the method developed by Pollard and Yates (1993) and recommended for European standard assessments (e.g., van Swaay and van Strien, 2005; Kühn et al., 2008, this issue) . The transects were part of a 4-km circular route under grazing conditions, a 1.5-km circular route under non-grazing conditions, and additional short routes in three more sites, 200-600 m each-about 7 km in total. The route and the sites covered a variety of habitats (shrubland, conifer plantation, abandoned cultivated field, and an intensively managed garden) and anthropogenic activities (grazing, road maintenance, and gardening).
ClIMATE DATA
Climatic data were obtained from the Ramat Hanadiv meteorological station, which records data in ten-minute intervals throughout the year. The database of [2003] [2004] [2005] has been used to compute the following parameters in each year: maximum, minimum, and mean daytime temperature; mean daily temperature; maximum, minimum, and mean daytime relative humidity; mean daily relative humidity; mean daytime wind speed; mean daily wind speed; maximum daytime radiation; cumulative daytime radiation; and cumulative monthly precipitation. daytime data were recorded from 06:00 to 17:00 and daily data were recorded 24 hours a day.
STATISTICAl ANAlYSIS
Cumulative curves for all the butterfly species were computed for every month during 2003-2005 using Estimate S-7.5 (Colwell et al., 2004) . This analytical program was used as well to compute the abundance, richness, and diversity indices of the butterfly species. The three-year (2003) (2004) (2005) mean was calculated for each index and the significance of the differences between the months was analyzed using SPSS for Windows 14.0 (SPSS, 2006) . Multiple linear regressions of different climatic variables were performed for the butterfly indices.
RESULTS
Throughout the entire period 3,066 butterflies from 41 species were observed along the transects. High values were found for the three butterfly indices (abundance, richness and diversity) in spring, from March to June, with abundance and richness peaking in May and diversity in April and May (Fig. 1) . Relatively low values were found for the three indices in two periods, autumn (September) and winter (december-January). The butterfly indices rose slightly between these two low periods in October-November (Fig. 1) .
The major factors affecting butterfly diversity, richness, and abundance were in the following ranking order: maximum daytime radiation, minimal daytime relative humidity, and, lastly, various temperature parameters as shown in the multiple regression analysis (Table 1 ). The one exception was diversity, in which case the temperature parameter preceded minimum relative humidity in the ranking. The remaining climate factors (precipitation, wind speed, total radiation, and humidity parameters) did not significantly affect butterfly diversity indices or they were correlated to other variables that strongly affect butterfly indices and were ruled out (Table 1) .
dISCUSSION
From the yearly butterfly community dynamics that appear in Fig. 1 , it seems that spring with its moderate climatic conditions is the preferred season for butterflies, and to a certain extent autumn as well. A five-year study by Shapiro et al. (2003) in California's Mediterranean region also revealed a similar pattern. They believe this pattern reflects butterfly adaptation to climate and food sources.
Results of our multiple regression showed that maximal radiation has the strongest effect on butterfly indices (Table 1) . In most studies on the effect of climatic factors on butterflies, radiation was not included (Boonvanno et al., 2000; Roy et al., 2001; Warren et al., 2001; Stefanescu et al., 2004; Hoyle and James, 2005) . This is possibly due to technical difficulties or because the effect of radiation is assumed to be secondary to temperature. However, Waltz and Convington (2004) found that radiation intensity significantly affected butterfly abundance and richness in ponderosa pine forest restoration treatments in the U.S.A. Clench (1966) explained that direct radiation has the most significant effect, as it allows the butterflies to absorb heat and raise their body temperature rapidly to ambient temperature values in cold weather.
The maximal radiation had the highest explanatory value for differences and variation in butterfly communities, followed by minimum relative humidity, and finally, one of the temperature parameters. As a whole, climatic variables only explained 22-40% of the (Table 1) . These relatively low values indicate that in addition to climate factors there are other important factors that affect butterflies, as was in fact found in a number of studies, such as host-plant availability, nectar source, evapotranspiration, grazing, and various anthropogenic effects (e.g., Warren et al., 2001; Stefanescu et al., 2004; Hoyle and James, 2005) . We also found that land use (e.g., gardening and field abandonment) had a very positive influence on some butterfly biodiversity measures (Schwartz-Tzachor, 2007) .
CONCLUSION
This study shows that the effect of climatic factors on butterfly abundance, species richness, and diversity can be ranked in descending order from maximal daytime radiation, next minimum daytime relative humidity, and lastly, various ambient temperature parameters.
In light of these findings, we suggest that long-term monitoring of butterflies should consider also climatic factors, and particularly radiation, relative humidity, and ambient temperature. We also recommend viewing this research as a local model for monitoring butterflies on a range of sites in Israel, as was done in Britain (Warren et al., 2001 ) and the Netherlands (van Swaay et al., 1997) , and recently initiated in Germany (Kühn et al., 2008 , this issue)-with a focus on Long Term Ecological Research (LTER) sites at least in the beginning. We believe that long-term monitoring at multiple sites can aid in butterfly conservation since it will contribute to understanding whether observed changes of the butterfly community dynamics and composition are related to global change, to habitat fragmentation, or to local changes such as vegetation composition, disturbances, and anthropogenic impacts. 
